Microscopic methods were used to investigate the unique collar structure of the gram-negative sulfatereducing bacterium, strain DCB-1. Polar cell growth apparently occurred from the collar. When the daughter cell was approximately equal in length to the mother cell and the collar was thus centrally located, cell division occurred within the collar region. Division was by a novel mechanism which conserved the collar of the mother cell and gave rise to a new collar of the daughter cell. Cells of DCB-1 were also found to contain stacked internal membranes and glycogen bodies.
Strain DCB-1 was isolated from an anaerobic enrichment culture which mineralized 3-chlorobenzoate (8) . Apparently, this isolate is a unique type of sulfate-reducing bacterium (6b, 9, 10) . The isolate is capable of reductive dehalogenation of 3-chlorobenzoate (8) , other halogenated benzoates (3) , and tetrachloroethylene (4) and is of special interest since it is the only pure culture capable of anaerobic reductive dehalogenation of aromatic compounds. Dechlorination has recently been shown to provide energy to DCB-1 as a terminal electron-accepting process (3a, 6a) .
Strain DCB-1 is a large, gram-negative rod with a unique morphological feature: a collar which girdles each cell (8) . To our knowledge, no similar structure has been observed in other bacteria, with the possible exception of an unidentified organism from sediment of a hypereutrophic lake (2) . The purpose of this study was to better characterize this collar and its origin. The collar was found to be involved in a unique mechanism of cell division.
MATERIALS AND METHODS
Cultures. Strain DCB-1 was obtained from our laboratory culture collection. Cultures were grown to late log phase on a previously described reduced anaerobic mineral medium (8) al. (6) . Samples were mounted on aluminum stubs, coated with gold (20-nm thickness) in an Emscope Sputter Coater model SC 500 purged with argon, and examined with a Japan Electron Optics Limited model JSM-35CF scanning electron microscope. All cell measurements were performed on scanning electron micrographs with a randomly selected population of 28 cells.
Assay of glycogen. Glycogen was isolated, hydrolyzed, and assayed as glucose as described by Hanson and Phillips (5). RESULTS 
AND DISCUSSION
Cells of strain DCB-1 were straight or slightly curved rods 3.2 to 8.7 ,um long and 0.5 to 0.7 ,um wide, in agreement with the initial report of Shelton and Tiedje (8) . Each cell had a collar which varied in its location (Fig. 1) . The width of the collar (measured parallel to the length of the cells) was 0.3 to 0.5 pum. The collar had a definite orientation, with an open end apparent on both scanning and transmission electron micrographs ( Fig. 1 and 2) . In all cells observed, the open end of the collar was the end closest to a cell terminus. The collar was faintly visible by phase-contrast microscopy. The cell wall of DCB-1 appeared to have the bimembrane structure common to gram-negative procaryotes (Fig. 3B) . It was unclear whether the cytoplasmic membrane extended into the collar of all cells as was suggested in an earlier study (8) . Occasionally, in cells with terminal collars, the interior of the collar appeared to be more electron dense than the cytoplasm (Fig. 2A) . In the majority of cells, including those with terminal collars, the interior of the collar and the cytoplasm were of equal electron density, and the cytoplasmic membrane was not clearly discernible throughout the region of the collar.
The collar is shown by transmission electron micrographs to be the site of cell division (Fig. 4) . Division was not observed at other locations. Division apparently involved (i) invagination of the membrane, which formed a small second collar beneath the first oriented in the opposite direction ( Fig. 4A and B) ; (ii) further invagination, separating the mother and daughter cells (Fig. 4C and D) (1) , appeared in the space between the newly divided cells (Fig. 4E and F) .
The observations that division occurred at the collar region and that all cells presumably originated with terminal collars suggest that growth of strain DCB-1 is polar, with daughter cells elongating from within the collars of mother cells. This mode of growth was further substantiated by analysis of cell measurements. The relative collar location was defined as the distance from the open end of the collar to the terminus of the presumed daughter cell divided by the total length of the cell (Fig. 1D) . Thus, a terminal collar has a relative location of 0, and a central collar has a relative location of approximately 0.5. Polar growth should result in movement of this relative position from 0 to approximately 0.5. Consistent with this prediction, cell collars appeared at different relative locations with about equal frequency, and collars were not found beyond the center of the cell (Fig. 5) . Assuming that mother cells do not vary too greatly in length, polar growth should also result in terminal collars on the shortest (most recently divided) cells and central collars on the longest. The relative collar location (1) would be related to the total cell length (X) by the following equation: Y = 1 -(blX), where b is the initial total cell length (i.e., the mother cell length). This equation was fit to the observed data using the Marquadt method of nonlinear regression (Fig. 6 ). All assumptions for regression analysis were met, and the fit was significant (alpha = 0.01) with an r2 of 0.81. Thus, the observed cell dimensions were consistent with polar growth. Variability not accounted for by the equation was most likely due to variation in the initial total cell length (b). The only alternative explanation for our observations is migration of the collar from the termini to the centers of cells during intercalary growth, but that seems unlikely if the collar includes the rigid peptidoglycan layer. The anaerobiosis and the low growth rate (td = 4d) of DCB-1. Our interpretation of growth and division of strain DCB-1 is summarized in Fig. 7 .
Another feature observed in DCB-1 cells was internal membranes having a stacked configuration ( Fig. 2A and 3 ). Other bacteria known to have internal membranes include sulfate reducers (7), anoxic phototrophs, methylotrophs, and nitrifiers. Many members of these groups are known to exhibit polar growth (e.g., Rhodopseudomonas spp., Methylosinus spp., and Nitrobacter spp.). Polar growth also occurs in other groups that have complex membrane structures such as prosthecae (e.g., Caulobacter spp.). Polar growth can be understood as adaptive for such organisms, since intercalary growth would disrupt membrane structures. Electron-transparent spheres such as that in Fig. 3 were observed only rarely and did not normally accompany internal membranes. The sphere was not distinctly membrane bound, and its composition is unknown.
An additional feature visible in the transmission electron micrographs is electron-dense, spherical bodies which occurred preferentially near the poles of DCB-1 cells (Fig. 2) . These bodies have the appearance of glycogen. The extractable polysaccharide of DCB-1 was determined to be 80% glycogen.
The collar of strain DCB-1 appeared to be intimately involved in cell division. No other function for the collar was apparent. This unique morphological feature distinguishes DCB-1 from other procaryotes, as does its unique combination of metabolic characteristics (6b, 9, 10). It remains to be determined whether the morphology and physiology of DCB-1 define a novel group of sulfate-reducing bacteria. 
